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51 ~ ABSTRACT

A compound represented by the formula

NHZ o

' CH——CH—CH~CH,—COOR?
0 0 '
N/
e
7\
RV'. R

wherein R! represents a lower alky! group, a phenyl
group or a benzyl group, or the two R! groups
together represent a group of the formula —CH-
2—n 1 Which n is an integer of 4 to 7; R2 represents

a hydrogen atom, an alkyl group, or a substituted -
or unsubstituted aralkyl group; and Z represents a

hydrogen atom, a lower alkyl group or a substi-
tuted or unsubstituted benzyl group;

and a process for production thereof. The compounds

of this invention are useful as intermediates for the syn-

thesis of various biologically active substances, such as

various antibiotics, particularly B-lactam antibiotic de-
rivatives, thienamycin, antibiotic PS-5 and their analo-

gous substances.

4 Claims, No Drawings
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1

" B-AMINOACID DERIVATIVES AND PROCESS
' FOR PRODUCTION THEREOF

This invention relates to novel S-amino acid deriva-

tives. More specifically, it relates to compounds repre-

sented by the following formula

. NHZ 1)

CIIH -'—<|:H——CH—-CH2—COOR2 |

\/’
/\

10

15

' *ﬁ.lvhereiﬁ-R1 represents a lower alkyl group, a phenyl

group or a benzyl group, or the two R! groups

‘together represent a group of the formula —CH-
»—n in which n is an integer of 4 to 7; R2 represents

20

a hydrogen atom, an alkyl group, or a substituted

or unsubstituted aralkyl group; and Z represents a
hydrogen atom, a lower alkyl group or a substi-
- tuted or unsubstituted benzyl group,
and to a process for producing these compounds.
In the present specification and claims, the term

“lower” used to qualify a group or compound means

that the group or compound so qualified has not more
| than 6, preferably not more than 4, carbon atoms.
In formula (I), the “lower alkyl group” represented

by R! and/or Z may be linear or branched, and in- =~

cludes, for example, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl and n-pentyl Methyl and
ethyl groups are preferred
The “alkyl group” represented by the ester residue
R2 may be linear or branched, and may generally con-
tain not more than 10 carbon atoms, preferably not

25

CHZ—COOR?—I

R 11

wherein R!! represents a methyl or ethyl group or the

two R!l groups together represent —CHy—s; R2! rep-
resents a hydrogen atom or a lower alkyl group; and Z!

represents a group of the formula

R3
. —CHjy

in which R3 represents a lower alkyl group, partieﬁlarly

a methyl group, or a lower alkoxy group, particularly a

methoxy group. |
In formula (Ia), the asymmetrlc carbon atom at the

B-position can take either an (R)-configuration or an -

- (S)-configuration, the former being particularly pre-

30
provided by this invention are listed below.

35

more than 6 carbon toms. Examples of the “alkyl

group” include methyl, ethyl, n-propyl, isopropyl, n-
butyl, 1sobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,

45

n-hexyl, isohexyl and n-heptyl. Of these, lower alkyl

-groups are preferred.

The “substituted or unsubstituted_ aralkyl group”
represented by the ester residue R2 includes, for exam-
ple, benzyl, phenethyl, benzhydryl, tntyl and o0- Or
p-nitrobenzyl groups. |

The *substituted benzyl group” represented by the
amino protecting group Z may be a benzyl group which
1s substituted by 1 to 3 substituents selected, for exam-

ple, from lower alkyl groups, lower alkoxy groups,

halogen atoms, nitro groups, and hydroxyl groups. Suit-
able substituted benzyl groups are those having electron
donating substituents (such as lower alkyl or alkoxy
groups), for example p-methoxybenzyl, p-methylben-
zyl, o,p-dimethoxybenzyl, o,p- dlmethylbenzyl , and
o-ethoxybenzyl groups. '
- A preferred group of the compounds of formula (I)
includes those represented by the following formula

50

55.

ferred.
Typical examples of the compounds of formula (I)

(1) 3R, 4R-4,5- O-lsopropylldene-3 (benzylamlno)
pentanoic acid,

(2) 3§, 4S5-4,5-O- 150pr0pyhdene 3- (benzylamlno)pen-
tanoic acid,

(3) 3R, 4S-4, 5-0-130penty11dene-3 -(benzylamino)pen-
tanoic acid,

(4) 3S, 45-4,5-O-isopentylidene-3-(benzylamino)pen-
tanoic acid,

(5) 3R, 4S5-4,5-O-cyclohexylidene-3-(benzylamino)-

pentanoic acid,

(6) 3S, 45-4,5-O-cyelehexylidene-_B-(benzylamino)-

- pentanoic acid, .

(7) 3R, 4S-O-isopropylidene-3-(p-methoxybenzyl)-
pentanoic acid,

(8) 38, 4S-O-isopropylidene-3-(p-methoxybenzyl)-
pentanoic acid,

(9) 3R, 4S-O-isopropylidene-3- (p methylbenzyl)pen-
tanme acid,

- (10) 3§, 4S-0-150pr0py11dene-3—(p-m'ethylbenzyl)pen-
tanoic acid,

(11) 3R, 4S-O-cyclohexylidene-3-(p-methoxybenzyl)-
pentanoic acid, |
- (12) 35, 4S-O-cyclohexylidene-3-(p-methoxybenzyl)-
pentanoic acid,
(13) 3R, 4S-O-cyclohexylidene-3-(p-methylbenzyl)-

 pentanoic acid,

60

© 65

(14) 3R, 4S.0- 150pr0pyhdene-3 (amme)pentanow |
acid,

(15) 3§, -
acid,

(16) 3R, 4S- O—lseprc:apylldene 3- (methylamlno)pen-
tanoic acid,

(17) 3R, 4S-O-isopropylidene-3- (1sepr0pylam1no)
pentanoilc acid, and |
(18) 3R, 4S-O-isopropylidene-3- (ethylammo)pen-
tanoic acid.

4S-O-130prepy11dene-3-(am1no)pentanelc
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The methyl, ethyl, benzyl and p-nitrobenzyl! esters of
the compounds (1) to (18) above may also be cited as
examples.

According to this invention, the compound of for-
mula (I) can be produced by subjecting a compound
represented by the following formula

(I:HZ—?H—CH=CH4--COOR2
O O
N/
C
/7 '\
Rl Rl

(11)

wherein R! and R2 are as defined above,
and an amine represented by the following formula

ZNH, - (D
wherein Z is as defined above,
to the Michael type of addition reaction.
A compound (4S-form) of formula (II) which is de-
rived from D-mannitol can include the following two

geometric isomers [see J. American Chemical Society,
43, 4438 (1978)]. |

(S) | (Z form)
0 NS
R1-) d COOR?
. R
(11-1)
&) 2 - (E form)
/\/\/COOR -
Q ; . \ | _
RI* O’ H
| (I1-2)

3
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In the process of this invention, either of these isomers
or a mixture of these isomers can be used. By using
L-mannitol as a material for preparation of the com-

pound of formula (II), (4R) isomers which are epimers

~ of the compounds represented by the above formulae

43

(II-1) and (II-2) are obtained. These (4R) isomers can

likewise be used in the present invention.

The Michael’s addition reaction between the com-
pound of formula (II) and the amine of formula (III) can
be carried out in a manner known per se. For example,

It can be carried out by reacting the compound of for--

mula (II) with the amine of formula (III) in the absence

50

of solvent .or in the presence of a suitable inert solvent

such as ethanol, methylene chloride, diethyl ether, N,N-
dimethylformamide (DMF), benzene, toluene, or tetra-
hydrofuran (THF) at a relatively low temperature of,
for example, generally about —80° C. to about 35° C.,
preferably not more than about 10° C. As the reaction

- temperature is lower, the diastereomeric selectivity for

the compound of formula (1) [(R) form] of the 3-(R)-

configuration becomes higher. For example, when the

reaction is carried out at a temperature of not more than
about —50° C., the compound of the (R) form is formed
in a selectlwty of nearly 100%.

The proportion of the amine of formula (III) relative
to the compound of formula (II) is not particularly
restricted. Generally, the suitable proportion of the
amine of formula (II1) is at least 1 mole, preferably at

55

_ 4
least 3 moles, per mole of the compound of formula (IT).
Alternatively, by using a large excess of the amine (I11),

1t may be caused to serve concurrently as a solvent, and .

this results in an mcrease in the selectivity of the reac-
tion.
As a result, the desired compound of formula (I 1s

obtained in a high yield. When a compound of formula
(II) (4S-isomer) derived from D-mannitol is used as the

starting material, the compound of formula (I) may be
obtained in the form of a diastereomer, i.e., a mixture of
two isomers of the following formulae depending upon

the reaction conditions. .

NHZ (I-1)
) | _
CHy—~—C——CH—CH;—COOR?
Lo 1®
O H
\ / |
R, 4S)-
/ \ 3 S)-form
NHZ | (1-2)
| (S
cnz—-—-— e CH—CH5—COOR?2
| | (S)
0 O
N\ /
/C\ (3S, 4S)-form
R1 Rl

The diastereomer can be separated into the (3R, 4S)-iso-
mer and the (3§, 4S)-isomer by subjecting it to silica gel
thin-layer chromatography, column chromatography
or high-performance liquid chromatography known per
S€. - |

By using a compound of formula (I1) (i.e., 4R-isomer)
derived from L-mannitol, a mixture of the following -
two isomers (i.e., diastereomer) is obtained.

NHZ @3

(R)
- CHy~——C= H—COOR?
1 i~
O O H
N\ / | |
/ \ N  (3_3, 4R)-form
and

NHZ (1-4)

(S)

CHy=—=C——CH~COOR?2
L Z\JR) -

, 4S)-form
/ \ (3R, 4S)-form

Rl

 The dlastereomer can be separated in the same way as

60

above.

It should be understood therefore that the formula (1)
includes the (3R, 45)-form, (3S, 4S)-form, (3R, 4R)-
form, (35S, 4R)-form, and mixtures of these four forms.

The compounds of formula (I) provided by this in-
vention are useful as intermediates for the synthesis of

~ various biologically active substances, such as various

65

antibiotics, particularly 8-lactam antibiotic derivatives,
thienamycin, antibiotic PS-5 and their analogous sub-

- stances. For example, a compound of formula (I-1) in

which Rl and R2 are methyl groups and Z is a benzy]
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- group (Bn) can be converted to thlenamycm, known as

an antibacterial agent, through the following reaction | . .-Cé)(;lt;nllﬁ‘,d
route_s. For details of the reactions, reference may be @~ -n\ / 250
had to Referential Examples 2 and 3 given hereinbelow. s - N | |
' 3 - O 3 - CH3COH _ -
Route I _ - - -AY— 0 - H _
NHBn _ ' ' -
| CO2CH3 (1) NaOH | - - 10 | Bn CO3Bn
(2) CO, | o N\ /
(3) SOCI S NalOy4
(4) N(CHchs)z . | o - '
T S HO” N\ N\ COCH >
' 15 0
- H
o Bn - |
N NCOan - | |
00 B AL o
R _ V\ - _Ph3P=CHOCH3E_
D O  CO,CH; |
| : o -. o Bn\-' /COQBH |
CH;3S0,Cl B N
—_—— - | =
| CH‘;O \/\/COZCHs TSOH E
I o Bn\ /C02B§1 - . |
~ CH:0 N | |
)\/E\/co CH ——->H3C02H
CH->O 2= H>0
35 o Bn .
O NCO2Bn
I 4
H | Jones reagent > .
- | CO>CHj
40
_ | | Bn
- | - 0 NCO2Bn
| OH | “ =
| . HO’ Hs, 10% Pd—C
(1) Jones reagent 3 45 | ———%
~Z— N (2) CH2N; | . - CO2CH3 |
z _ -
O O NH> o
| Bn o | - =
- _ _ -Ho/\/\l _ Ph3P PyssPy ..:.
C02CH3 50 | | CO,CH3
(See, for example, > | o
N. - ‘Tetrahedron ! |
0% T\ Letter 24, p. 217) - |
Bn | o : CO,CH;
- (See, for example, 5.
o - P N Tetrahedron Letters,
| AP
S—CH>CHsNH; O -_ \H | 24, p. 217)
oo O‘# N COOH
| SCHzCHzNHz
thienamycin 60 o
| Route 11 "COOH
NHBn . .
= | - thienamycin
CO>CH3. | -
(1) CICO»B 65 : .
8 — coz - ~In the above reaction schmes, Bn represents a benzyl
2CO;3

group; Ph, a phenyl group; py, a pyridinyl group; and
T,
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(the same abbreviations may be used hereinafter).

By using the (S)-form compound as the starting mate-

rial, thienamycin of the SR-form (natural form) can be
produced in accordance with Route I, and thienamycin

~ of the 5S-form (non-natural form), in accordance with
Route II1. |

The following Examples and Referential Examples
ilfustrate the present invention more specifically.

'EXAMPLE 1

| Productibn of methyl (3R or 38,
- 45)-4,5-O-1sopropylidene-3-(benzylamino)pentanoate:

\_g H COCHy —>

| 0

Dry tetrahydrofuran (10 ml) was added to 2 g (11
mmoles) of the a,B-unsaturated ester (1) to dissolve the
ester (1), and then 3.6 ml (33 moles) of benzylamine was
added. The mixture was stirred at 0° C. for 6 hours.
After the reaction, the temperature was returned to
room temperature (20° C.), and tetrahydrofuran was

evaporated under reduced pressure. The residue was |

chromatographed on a silica gel column using a mixture
of ethyl acetate and n-hexane as an eluent to give 3.2 g

(yield 93%) in total of the compounds (2) and (3) (4 1).
The analytical data were as follows:

Compound (2)

- Boiling point: 135°-138° C. (2 mmHg)

IR vy CHCB cm—1: 3330, 1720, 1600.

'H-NMR (270 MHz) 8,,,<PC3; 1.34 (3H, s, —CHj),
1.40 (3H, s, —CH3), 1.67 (1H, —NH, vanished in D;0),
2.54 (2H, m, —CH,CO), 3.13 (1H, m, —CHNH—), 3.68
(3H, s, —CO,CH3), 3.84 (2H, d, J=35 Hz, —CH,;C¢Hjs),
3.38 (2H, m, —OCH»—), 4.24 (1H, m, —CH <), 7.31
(5H, s, —C¢Hs).

MS m/z: 294 (M +1).

10

15

20

25

8 |

- ngh resolution MS: C16H23NO4, Calcd. 293 1625

Found 293.1597.
[a]p2%: —8.0 (C 1.3, ethanol).

Compound (3)

IR v;iaxCHCB em—1: 3330, 1720, 1600.

IH-NMR (270 MHz) SpmeDCB 1.34 (3H, s, —CH3)
1.40 (3H, s, —CH3), 1.67 (1H, —NH, vanished in D;0),
2.54 2H, m, —CH>CO—), 3.08 (1H, m, —CHNH—), -
3.68 (3H, s, —CO,;CH3y), 3.84 (2H, d, J=5 Hz,
—CH,C¢Hs), 3.88 (2H, m, —O—CH>—), 4.14 (1H, m,
—CH <), 7.31 (3H, s, —--C.sHs)

- MSm/z:294 M+1).

[a]lp-+14.6° (C 1.0, ethanol).

EXAMPLE 2

Selective production of methyl (3R,
45)-4, 5-0-150pr0py11dene 3- (benzylammo)pentanoate

The a,B-unsaturated ester (1) (186 mg; 1.00 mmole)
was treated with 214 mg (2.00 mmoles) of benzylamine,
and the mixture was stirred in an argon atmosphere at
—350° C. for 50 hours. After the reaction, the reaction
mixture was chromatographed on a silica gel column
using acetic acid/hexane (2/5) as an eluent to give 215

“mg (yield 85%) of the title compound having the physi-

cochemical properties shown in Example 1. No com-
pound (3) was observed in the reaction mixture.

REFERENTIAL EXAMPLE 1 |
Production of methyl

' (4S)-4,5-O-isopropylidene-2-pentanoate (an example of

the a?B-ungaturated ester used in the invention)

(1)
o /\/\

\ ""*cogcri;,

Step A (production of ' |
| 1,2,5,6-O-diis'Opr0pylidene-D-mannitol) |
Anhydrous zinc chloride (270 g; 1.98 moles) was

dissolved in 1350 mi of anhydrous acetone, and 170 g
(933 mmoles) of D-mannitol was added to the solution.

- The mixture was stirred at room temperature (25° C.)

- for 2 hours. Immediately after the reaction, the organic -

>0

35

60

63

layer was added to an aqueous solution of potassium
carbonate, and the mixture was stirred for 1 hour. Sub-

- sequently, 1350 ml of diethyl ether was added to the

mixture, and the mixture was stirred at room tempera-
ture for 30 minutes. The acetone/diethyl ether layer
was taken out, and dried over anhydrous potassium

carbonate. The solvents were evaporated. The resulting

crude crystals were recrystallized from di-n-butyl ether
to give 100 g (41%) of 1,2,5, 6 QO- dllSOpI’Opylldene-D- |
mannitol was obtained. |

Melting point: 117°-119° C.
IR vpaxX8r cm—1: 3300. | |
'H-NMR 8,,,CDCB; 1.29 (6H, s, —CH3), 1.31 (6H, s,
- —CHy3), 2. 67 (2H, brs, —OH, vanished in D;0), 4.0
(8H, m). - o

By subjecting various carbonyl compounds in place
of acetone to the above reaction, the corresponding
alkylidene compounds can be obtained.
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- Step B (productlon of 2,3- O-lSOprOpyhdene-l-prOpanal)

Thlrty grams (116 mmoles) of 1,2,5,6-O- -diisopropyli-
dene-D-mannitol was dissolved in 135 ml of methanol, 5
and at 0" C., 40 ml of a 5% aqueous solution of sodium
hydrogen carbonate and 25 g (116 mmoles) of sodium
metaperiodate were added, and the mixture was stirred
for 1 hour. The reaction mixture was filtered, and the
filtrate was extracted three times with 500 m! of dichlo-
romethane. The extracts were washed with a saturated
aqueous' solution of sodium chloride, and dried over
anhydrous sodium sulfate. The solvent was evaporat’ed
and the residue was distilled under reduced pressure to

give 157 g (52%) of 2,3- -O-isopropylidene-1-propanal.
- Boiling point: 39°-42° C. (11 mmHg).

IRV pax“HC3 cm—1: 1730.

TH-NMR (90 MHz) Oppm CDC13: 1. 48 (3H, s, —CH3),
1.50 (3H, s, —CHj3), 4.15 (3H, m, —CH>CH <), 9.71
(lH d, J= 2 Hz —CHO).

15

20

Step C (production of methyl
- (45)-4,5-O- 150pr0pyhdene -2-pentanoate)

7.2 g (56 mmoles) of 2,3- 0-130pr0py11dene-1-pr0panal
was dissolved in 200 ml of methanol, and at 0° C., the
solution was added dropwise over 30 minutes to 100 ml 3g
of a methanol solution of 22 g (66 mmoles) of
Ph3;P—CHCO>CHj3. The mixture was stirred at 0° C.
for 12 hours. After the reaction, the solvent was evapo-
rated, and 200 ml of a 50% aqueous solution of metha-
nol was added. The mixture was extracted with 150 ml
of n-hexane four times. The extracts were washed with
a saturated aqueous solution of sodium chloride, and
dried over anhydrous sodium sulfate. The solvent was
evaporated, and the residue was distilled under reduced
pressure to give the a,B-unsaturated ester (87.5%) of
(Z)-form and its geometric isomer (12.5%) as colorless
oils. 7. 92 g (77. 4%) The analytlcal data were as follows:

35
40

45
Z-form

Boﬂmg pomt 49°-52° C. (1 mmHg)

IR VpnaxCHCB cn—1: 1720. |

'H-NMR (90 MHz) 8,,,CDCB3; 1.43 (3H, s, —CH3),
1.47 (3H, s, —CH3), 3.64 (1H, dd, J=7.2, 8.7 Hz,
—OCH>—), 3.75 (3H, s, —CO,CH3), 4.42 (1H, dd,
J=7.2,8.7 Hz, —OCH,—), 5.53 (1H, dq, J=1.5, 7.2 Hz,

—CH<), 5.85 (1H, dd, J=15, 12 Hz, —CH=CH 55
_co-) 6.40 (1H, dd, J=7.2, 12 Hz, —CH=CHCO-—).

50

E-form

~ Boiling point: 58°-62° C. (1 mmHg).

IR VpmaxCHCB cm—1; 1720.

TH-NMR (90 MHz) 8,,,CPCB3: 1.41 (3H, s, —CH3),
1.46 (3H, s, —CHj3), 3.70 (1H, dd, J=6.6, 8.4 Hz,
—OCHz—), 3.77 (3H, s, —CO>CH3), 4.21 (1H, dd,
J=6.6, 8.4 Hz, —OCH,—), 4.71 (1H, dq, J=1.5, 6.6 Hz,
—CH<), 6.15 (1H, dd, J=15, 15 Hz, —CH=CH
CO—), 6.94 (1H, dd, J=6.6, 15 Hz, —CH=CHCO—).

60

65

10

_25_

- —CH,CgHs), 7.32 (5H, s,

REFERENTIAL EXAMPLEQ

Production of o
(4R)- l-benzyl-4 (methoxycarbonylmethyl) Z-azetldl- o
none o

Step A [productlon of

(4R) 1-benzyl—4-(1 2-O-isopropylideneethyl)- 2-azet1d1-
- ‘nonej |

NHBn
= H

(2)—%[0../-\5/\],—9. I:_y/\/
| _\V 6‘-‘ CO2Na O.,;f:-"" NBn

(4).

T
.
T
]
-y
ﬁ
=

Fifty milliliters of a 0.01N ethanol solution of sodium
hydroxide was added to 1 g (3.4 mmoles) of the com-
pound (2), and the resulting solution was stirred at room
temperature (20° C.) for 15 hours. After the reaction,
ethanol was evaporated under reduced pressure. ‘With-
out 1solating a carboxylic acid compound derived from |

the compound (2), 10 ml of distilled water was added to

the residue. Dry ice was added little by little to adjust
the pH of the solution to 7. Water was evaporated under
reduced pressure, and the residue was dissolved in 30 ml
of dry benzene. Under an argon stream, 0.75 ml (10
mmoles) of thionyl chloride was added, and the mixture
was stirred at 80° C. for 1 hour. After the reaction, the

temperature was returned to room temperature (20° C.),
- . and benzene was evaporated under reduced pressure.
‘The residue was dissolved in 30 ml of dry benzene, and

0.62 ml (4.4 mmoles) of triethylamine was gradually

added dropwise to the solution.

The mixture was stirred under an argon stream at
room temperature (20° C.) for 12 hours. Benzene was
evaporated under reduced pressure, and the residue was
dissolved in a mixture of diethyl ether and dichloro-

“methane (2:1). The solution was filtered, and the filtrate

was evaporated under reduced pressure. The resulting
oily product was chromatographed on a silica gel col-
umn using a mixture of diethyl ether and dichlorometh-
ane as an eluent. Fractions containing the compound (4)
were combined, and distilled under reduced pressure to
give 412 mg (46.3%) of the compound (4) as a colorless
oil. The analytical data were as follows:
- Boiling point: 136°-139° C. (2 mmHg)

IR UmaxCHECB cm—1: 1745, 1605.

IH-NMR (90 MHz) 6,pm¢PC3: 1.33 (3H, s, —CH3),
1.37 (3H, s, —CH3), 2.57 (1H, dd, J=15 Hz, J;gn:=3
Hz, —CH,CO—), 2.96 (1H, dd, J=15 Hz, J,;=5 Hz,
—CH2CO—), 3.48 (1H, ddd, J=9, 5, 3 Hz, > CHN ),
3.59 (2H, m, —OCH,—), 4.05 (1H, m, —OCH <), 4.19
(1H, d, J=15 Hz, —CH,C¢Hs), 4.74 (1H, d, J=15 Hz,

—CH>CcH5).
- MS: m/z 262 M -+1). |

- lalp—74.9° (C 0.6, benzene).
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Step B [production of
(4R)-1-benzyl-4-(1 ,2-dihydroxyethyl)-2-azetidinone]

* OH
OH
0” N\ .
Bn

(5)

364 mg (1.4 mmoles) of the compound (4) was dis-
solved in 30 ml of a 4:1 mixture of acetic acid and water,

and the solution was stirred at 40° C. for 14 hours. After

the reaction, the solvents were evaporated under re-
duced pressure. The residue was subjected to thin-layer
chromatography, and the resulting oily product was
distilled under reduced pressure to give 245 mg (80%)
of the compound (5) as a colorless oil. The analytil data
were as follows:

Boiling point: 188°-192° C. (2 mmHg).

IR vpaxCHCD cm—1: 3375, 1740, 1606.

H-NMR (90 MHz) BpmeDCB* 2.65 (1H, dd, J=13.5
Hz, Jiyrans=2.7 Hz, —COCHj)—), 2.95 (1H, dd, J=13.5

Hz, J.s=4.5 Hz, —COCH,—), 3.10 (2H, brs, —OH,

vanished in D-0), 3.20-3.80 (4H, m,

N
NCHCH—

/

—CH,0H), 4.32 (1H, d, J=15 Hz, —CH,C4Hs), 4.70
(1H, d, J=15 Hz, —CH;C¢Hs),  7.36 (5H, s,
—CH,C¢Hs).

MS: m/z 222 (M+1).

[a]p!9—71.3° (C 0.94, EtOH).

| Step C [production of
(4R) 1-benzyl-4-[1,2-dimethanesulfonyloxy)ethyl]-2-
azetidinone]

0OS0O,CHj;
0SO»CHj3

- {6)

238 mg (1.1 mmoles) of the compound (5) was dis-
solved in 5 ml of dry dichloromethane, and 0.7 ml (5
mmoles) of triethylamine was added. Under an argon
atmosphere, 0.3 ml (4 mmoles) of methanesulfonyl chlo-
ride was gradually added dropwise at 0° C., and the
mixture was stirred for 1 hour. After the reaction, the
solvent was evaporated under reduced pressure. The
residue was subjected to thin-layer chromatography to
give colorless crystals. Recrystallization of the crystals
from dichloromethane gave 400 mg (quantitative) of the
compound (6) as colorless needle-like crystals. The
analytical data were as follows:

Melting point: 117°-119° C.

R Ve CHCB cm— 1 1758, 1603, 1178.

H-NMR (90 MHz) SpmeDCL?. 2.83 (1H, dd, J =15
Hz, Jtrans=3 Hz, —CH,CO—), 3.01 (3H, 5, —SO,CH3),
3.07 (3H, s, —SO,CH3), 3.15 (1H, dd, J=15 Hz
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Jeis=4.5 Hz, —CH,CO—), 3.70 (1H, m, —CH <), 4.26

(IH, d, J=15 Hz, —CH,C¢Hs), 4.37 (2H, m, —CH-

20S502CH3), 4.74 (1H, d, J=15 Hz, —CH,;CsH3), 4.91
(1H, m, >CHOSO,CH3), 7.34 (5H, s, —CH;C¢H35).
MS: m/z 378 M +1). |
Elemental analysis: Calcd. for Ci4Hij9O7NS»: C,
44.55; H, 5.07; N, 3.71; S, 16.99, Found: C, 44.44; H,
5.09; N, 3.77; S, 16.85.
[a],913+9 2° (C 1.29, CHCl3).

Step D [production of
(45)-1-benzyl-4-vinyl-2-azetidinone]

SN
(6)——>
=

(7)

400 mg (1.1 mmoles) of the compound (6) was dis-
solved in 11 ml of dry DMF, and 1.6 g (11 mmoles) of
sodium iodide and 0.97 g (11 mmoles) of zinc powder
were added. Under an argon stream, the mixture was
refluxed for 8 hours. After the reaction, the reaction
mixture was diluted with diethyl ether and filtered
through Celite. The solvent was evaporated from the
filtrate under reduced pressure. The residue was dis-
solved in a 1:1 mixture of diethyl ether and dichloro-
methane, washed with water and a saturated aqueous
solution of sodium chloride, and dried over anhydrous
sodium sulfate. The solvents were evaporated, and the
residue was distilled under reduced pressure to give 182
mg (92%) of the compound (7) as a pale yellow oil. The
analytical data were as follows:

Boiling point: 128°-131° C. (2 mmHg).

IR VpaxCHCEB cm—1: 1735, 1415.

‘H-NMR (90 MHz) v, CPC3: 2.68 (1H, dd, J=15
Hz, Jigns=3 Hz, —CHCO—), 3.16 (1H, dd, J=15 Hz,
Jeis=35.5 Hz, —CHCO—), 3.88 (1H, m >CHN<), 3.98
(1H, d, J=15 Hz, —CH,C¢Hs), 4.63 (1H, d, J=15 Hz,
—CHC¢Hs5), 5.23 (2ZH, m, —CH=—=CH)), 5.74 (1H, ddd,
J=18, 8, 7.5 Hz, —CH=CH), 7.29 (5H, s,
—CH,CeHs).

MS: m/z 187 (M+).

High resolution MS: C;2H130ON; Calcd.
Found 187.0999. |

[a]p!8: —93.6° (C 1.28, CHCI;).

Step E [production of
(4-S) 1-benzyl-4-(2 -hydroxyethyl)-2-azetidinone]

H
OH
N
0% T\

(8)

123 mg (0.6 mmole) of the compound (7) was dis-
solved in 6.6 mg of THF, and under an argon stream,
1.32 ml of a IM THY solution of diborane commercially
available was added, and the mixture was stirred at
room temperature (20° C.) for 6 hours. Then, 6 ml of a
30% aqueous solution of hydrogen peroxide and 1.2 mi

187.0997,
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~of a 3M aqueous solution of sodium hydroxide were
~ added, and the mixture was further stirred at room
temperature for 1 hour. After the reaction, the reaction
mixture was dissolved in a 2:1 mixture of diethyl ether
and dichloromethane, washed with a saturated aqueous 3
solution of sodium hydrogen carbonate, water and a
saturated aqueous solution of sodium chloride, and then
dried over anhydrous sodium sulfate. The solvents were
evaporated, and the residue was distilled under reduced
pressure to give 66 mg (54%) of the compound (8) as a
colorless oil. The analytical data were as follows:

Boiling point: 152°-158° C./2 mmHeg,

IR Vpax©HCI3 cm—1: 3350, 1730, 1600. | -

'H-NMR (90 MHz) 8, PC13; 1.80 (2H m, —CH2C- s
HgOH) 2.00 (1H, brs, —OH, vanished in D,0), 72.66 _-
(1H,dd, J=15Hz, Jyyans=3 Hz, —CH>CO—), 3.04 (1H,
dd, J=15 Hz, J =5 Hz, —CH,CO—), 3.61 (2H, m,
—CH;0H), 4.15 (1H, d, J=15 Hz, —CH,CgHs), 4.40
(IH, m, —CHN<), 458 (1H, d, J=15 Hz, 20
—CH2C6H5) 7.30 (3H, s, ——CHg-——-CﬁCs) R

MS: m/z 205 (M +).

[o];:;16 7.6° (C 0.2, CHCl3).

10

Step F [productlon of | 26
(4R) 1—benzyl-4-(methoxyoarbonylmethyl) 2-azetidi-
| nonej.

18. 6 mg (O 09 mmole) of the compound (8) was dlS-_

~ solved in 0.5 ml of acetone, and three drops of the Jones
~ reagent were added. The mixture was stirred at 0° C. for

3 hours. Then, one drop of 2-propanol was added, and
the mixture was stirred for 30 minutes. After the reac- |
tion, the reaction mixture was dissolved in diethyl ether,
washed with water and a staruated aqueous solution of 3 5
sodium chloride, and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced
pressure, and the residue was dissolved in 0.3 ml of
diethyl ether. A diethyl ether solution of diazomethane

~-was added dropwise to the solution until foaming 4,

ceased. 'The solvent was then evaporated, and the resi-
due was subjected to thin-layer chromatography to give
14 mg (66%) of a colorless oil (9) The analytlcal data
were as follows:

IR VpgxCHCI cm—1; 1740, - ' 45

'H-NMR (90 MHz) §,,,¢PCl3; 2.51(2H, m, —-CH-_
2CO2CH3), 2.70 (1H, dd, J=14 Hz, J;ons=3 Hz, —CH-
2CO—), 3.17 (1H, dd, J=14 Hz, J;=5 Hz, —CH-
2C0O—), 3.60 (3H, s, —CO,CH3), 3.89 (1H, ddd, J=11, |
6, 3 Hz, >CHNK), 422 (1H, d, J=15 Hgz 50
—CH,C6Hs), 4.52 (1H, d, J=15 Hz, —CH,C¢Hs), 7.32
(SH, s, —CH»CsHs). | -

MS: m/z 233 (M +). | |
- High resolution MS: Ci3H5sNO3; Caled. 233.1050,

Found 233.1032. _ | 55

[a]p!7—22.1° (C 0.28, benzene).

- REFERENTIAL EXAMPLE 3

Production of
(S) 4-(methoxycarbonylmethyl) 2-azetidinone:

I‘_T/\CC'zCHs | |
65
N |
N\

- 60

30

Step A [productlon of methyl (3R

45)-3- (N-benzyloxycarbonyl)-am1no-4 5-0 iso- _;jff.[, o

propylldeuepentanoate]

Bn
N~~CQO3»Bn

\ 4§ = COxCHy

(10)

- 27g(092 'mmoles) of 'the f-amino ester (2) was dis- '
solved in 25 ml of dry THF, and 2.8 g (20 mmoles) of
‘potassium carbonate was added. At 0° C., 3 ml (15

mmoles) of carbobenzoxy chloride was gradually added

dropwise. The mixture was stirred for 10 minutes.

Then, 1.5 ml of triethylamine was added, and further a -

2:1 mixture of diethyl ether and dichloromethane was

‘added. The mixture was washed with water and a satu-
- rated aqueous solution of sodium chloride, and dried

over magnesium sulfate. The solvents were evaporated
under reduced pressure, and the residue was chromato-

aue, dichloromethane and acetone. Fractions contain-

The analytical data were as follows:

IH-NMR (90 MHz) 8,,,,CPCB3; 1.29 GH, s, —-—CHa),

1.36 (3H, s, —CH3), 1.7 (2H, m, —CH,CO—), 3.53 (3H,
s, —CO,CH3), 4.60 (1H, d, J=16 Hz, —CH,C¢Hjs),

—CH2CgHs), 7.33 (10H, s, —CH,CgHs x2).
MS: m/z 412 (M-15).

High resolution MS: Cy3HeNOe; Caled. 412.1759

Found 412.1769.

Step B [methyl (3R, |
4S) 3- (N—benzyl-N-benzyloxycarbonyl)am1no-4 5-
hydroxy-pentanoate] |

Bn .
NCOan

o oan

- graphed on a silica gel column using a mixture of n-hex-

B ing the compound (10) were combined, and 3.8 g (94%)
- of the compound (10) was obtained as a colorless oil.

469 (1H, d, J=16 Hz, —CHCsHs), 5.2 (2H, s,

Three grams (7 mmoles) of the compouud (10 wasf} o

dissolved in 40 ml of a 3:1 mixture of acetic acid and
water, and the solution was stirred at 40° C. for 3.5
hours. After the reaction, the solvent was evaporated
under reduced pressure. The residue was chromato-
graphed on a silica gel column using a mixture of n-hex- -
‘ane, dichloromethane and acetone as an eluent to give
1.85 g (71%) of the diol (11) and 452 mg (18%) of the

by-product lactone (12) The analyuoal data ‘were as_ E
- follows -
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Compound (11) .

IR v,,qxCHCI3 cm—1: 3350, 1730, 1670.

IH-NMR (90 MHz) 8,,,,CPC13; 2.79 (2H, m, —CH-
»CO—), 3.58 (B3H, s, —CO,CHj3), 3.76 (1H, m,
>CHN <), 4.10 (1H, m, >CHOH), 4.44 (1H, d, J=16
Hz, —CH,C¢Hs), 4.70 (1H, d, J=16 Hz, —CH,C¢Hs),

4,506,085

>

J.23 2H, s, —CH2C¢Hs), 7.33 (SH, s, —CH2CgHs), 7.41

(5H, s, —CHC¢Hs).
MS: m/z 387 M+1).
[a]p?P+22.7° (C 1.2, CHC13)

Compound (12)

Meltlng point: 103°-106° C.

- IH-NMR (90 MHz) 6,,,¢PC3; 2.72 (2H, m, —CH-
2CO~—), 4.50 (1H, d, J=16 Hz, —CH,CsHjs), 4.72 (1H,

d, J=16 Hz, —CH2C¢Hs), 5.25 (2H, s, —CHCsHs),

7.34 (5H, s, CHzCeHs) 7.42 (5H, s, -—-CH2C5H5)
[a]DZG 32.2° (C 1.4, CHCl3).
Step C [production of methyl
3-(N-benzyl-N-benzyloxycarbonyl)amino-5-methoxy-4-
- pentenoate]
B CO»B .
o]
(11)=——> . >
| - CO2CH3 |
HC™ ]
(13)
Bn COan
N/ |
N
\/:\\/cozcm
CH3$

(14)

Four hundred milligrams (1 mmole) of the diol (11)
was dissolved in 5 ml of dimethoxyethane, and at 0° C.,
243 mg (1.1 mmoles) of sodium metaperiodate dissolved
In 3 ml of water was added. The mixture was stirred for
4 hours. After the reaction, a 1:1 mixture of diethyl
ether and benzene was added, and the mixture was

10

15

20

235
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Step D [production of methyl
(S)-3-(N-benzyl-N-benzyloxycarbonyl)amino-5,5-dime-

thoxypentanoate]
- Bn CO2Bn
| o N\ /7
o CH30 N -
(14— : CO,CH;
- CH30

(15)

Sixty milligrams (0.16 mmole) of the compound (14)
was dissolved in 2 ml of methanol, and 15 mg (0.06
mmole) of CSA was added. The mixture was stirred at
room temperature (20° C.) for 12 hours. After the reac-
tion, a saturated aqueous solution of sodium hydrogen
carbonate was added to the reaction mixture, and a
mixture of diethyl ether and dichloromethane was also
added. The mixture was washed with water and a satu-

rated aqueous solution of sodium chloride, and dried
over magnesium sulfate. The solvents were evaporated
under reduced pressure. The residue was subjected to
thin-layer choromatography to give 55 mg (85%) of the
title compound (15) as a colorless oil. The analytlcal
data were as follows:

IR vpaxCHCB cm—1: 1730, 1690. |

IH-NMR (90 MHz) 8,,,,¢PC3: 1.93 (2H, m, —CHgC-

HN<), 2.67 2H, m, —CH,CO—), 3.12 (3H, s,

30

3fi-

washed with water and a saturated aqueous solution of *°

water, and dried over magnesium sulfate. The solvents
were evaporated under reduced pressure to give 365 mg
 (quantitative) of the aldehyde (13). Subsequently, 685
mg (2 mmoles) of a phosphonium  salt

Ph3;P+CH;0CH;3Cl— was dissolved in 10 ml of dry

THF. At —10° C., 1 ml (1.5 mmoles) of n-butyl lithium

(as a 1.5M n-hexane solution) was added dropwise, and -

the mixture was stirred for 15 minutes. A solution of 370
mg of the compound (13) in 2 ml of dry THF was added
dropwise. The mixture was stirred at —10° C. for 5
minutes. After the reaction, diethyl ether and dichloro-
methane were added, and the reaction mixture was thus
washed with a saturated aqueous solution of ammonium

30

55

chloride, water and a saturated aqueous solution of ¢,

- sodium chloride, and dried over magnesium sulfate.

The solvents were evaporated under reduced pressure.

The residue was subjected to thin-layer chromatogra-
phy to give 287 mg of the compound (14) as a colorless
oil which was found tobe a 1:1 mixture of Z-form and
E-form by its 1H-NMR spectrum.

'H-NMR (90 MHz) 8,,,cPC3; 3. 36 (3H s, —CH=
CHOCH3), 3.50 (3H s, —CH=CHOCH3).

fi5

—OCH;3), 3.18 (3H, s, 1 3.53 (3H, s,
—CO,CH3), 4.18 (1H, t, —CH(OCH3)y), 4.50 (2H, s,
—CH,CeHs), 5.20 2H, s, —CH3CsHs), 7.28 (S5H, s,
—CHCeHs), 7.34 (5H, s, —CH2CgHs).
MS: m/z 400 (M-15).
[a]?04-8.3 (C 1.2, CHCI5).

Step E [production of methyl
(S)- 3. -(N-benzyl-N-benzyloxycarbonyl)amino- 4-f0rmyl-a
| butanoate]

—OCHj3),

56 mg (0.13 mmOle) of the COmpound (1‘5) was dis-
solved in 1.6 ml of a 3:1 mixture of acetic acid and

water, and the solution was stirred at room temperature

for 10 hours and then at 40° C. for 1.5 hours. The sol-
vents were evaporated under reduced pressure. The
residue was subjected to thin-layer chromatography to
give 49 mg (quantitative) of the compound (16) as a
colorless oil. The analytical data were as follows:

Step F [production of methyl
(S)- 3 -(N-benzyl-N-benzyloxycarbonyl)amino-4-carbox-
~ ybutanoate]

49 mg _(0;13) minole) of the bompbund (16) was dis-
solved in 1.5 ml of acetone, and three drops of the Jones
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reagent were added. At 0°<C., the mixture was stirred

for 5 minutes. Then, one drop of 2-propanol was added,

and at 0° C., the mixture was stirred for 5 minutes. After

the reaction, a 2:1 mixture of diethyl ether and dichloro-
methane was added, and the mixture was washed with 5
water and a saturated aqueous solution of sodium chlo-
ride, and dried over magnesium sulfate. The solvents
were evaporated under reduced pressure to give 51 mg

of the title compound (17) in a quantltatwe yield. The
analytical data were as follows: 10

IR VpaxCHCB cm~1; 2725, 1725, 1690.
IH.NMR (90 MHz) 8,,mCDCB; 361 (3H, s,

—CO,CH3), 448 (1H, d, J=16 Hz, —CHyCgHs), 4.71

(1H, d, J=16 Hz, —CH,CeHs), 524 (2H, s,
—CH2CHs), 7.36 (5H, s, —CH,CeHs), 7.43 (SH, s, ;s
—CH:CeHs), 9.66 (1H, brs. —CHO).

Step G [production of
(S)-4-(methoxycarbonylmethyl) -2-azetidinone]

H - 20

z— N_ -

O \
H 25
(18)

)

55 mg (0.15 mmole) of the compound'(ﬁ) was dis-

‘solved in 2 ml of methanol, and 10 mg of 10% palladi-

um-activated carbon was added. Under a hydrogen 30
stream, the mixture was stirred at room temperature

- (20° C.) for 15 hours, and then at 50° C. for 2 hours.

After the reaction, the palladium-activated carbon was
removed by using Celite. The solvent was removed |
from the filtrate under reduced pressure to give 20 mg 33
of B-amino acid. Subsequently, the S-amino acid was
dissolved in 8 ml of acetonitrile, and 23 mg (0.089

- mmole) of triphenylphosphine and 20 mg (0.089 mmole)

of pyridine disulfide were added. The mixture was re-

fluxed for 12 hours. After the reaction, the reaction 40

mixture was diluted with diethyl ether, and filtered on

Celite. Then, the solvent was evaporated under reduced

pressure. The residue was subjected to thin-layer chro-
matography to give 14 mg (80%) of the title compound
(18). The analytical data were as follows: 45

IR Vppax©HCB cm—1; 1755, 1730.

'H-NMR (90 MHz) §,,,¢PCB3; 2.65 (3H, m), 3. 18
(1H, ddd, J=13, 6.3 Hz -—-—CHZCO-—-) 3.72 (3H, s,
—CO2CH3), 3.92 (1H, m, >CHN ).

MS: m/z 143 M +). 50

[a}p?0+64.5 (C 0.2, CHCl3).

What 1s claimed is:

1. A compound represented by the formula

NHZ | (1) 33

: (-IHZ——-(IZH—-CH—CHQ—COORZ
0 0
N /7
C

-/ '\, 60. |
Rl Rl 5

wherein R! represents a lower alkyl group, a phenyl

~ group or a benzyl group, or the two R! groups
together represent a group of the formula —CH- 65
2—n 1 Which n is an integer of 4 to 7; R2 represents
a hydrogen atom, an alkyl group, or a substituted
or unsubstltuted aralkyl group; and Z represents a

4,506,085 R B ';S-Lff | ;_ :_;_:."f:':--.:'_' o
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hydrogen atom, a lower alkyl group 01‘ a Slletl- .. .

“tuted or unsubstituted benzyl group.

2. A compound according to claim 1 whlch is. repre- DR

sented by the following formula
NHz! )
CH>

/
\/

\
CH>;—COQOR?2!

\/
\

R!

“wherein RI1 represents a methyl or ethyl group or the

two R1! groups together represent —CHy—s; R2! rep-

‘resents a hydrogen atom or a lower alkyl group; and Z!

represents a group of the formula

R
—CH3

in which R3 represents a lower alkyl group or a lower
alkoxy group. | -

3. The compound of claim 1 which is represented by
the following formula

ar

L)
T
]
o,
e
o

4. A process for producing a compound represented-
by the formula

NHZ . @M

(i":Hg—-—-(l:H--CH—-CHg—COORZ |
O 0
N/

C
./ '\
R1 R!
wherem R] represents a lower alkyl group, a phenyl -

group or a benzyl group, or the two R! groups
together represent a group of the formula —CH-
2—n1n which n is an integer of 4 to 7; R2 represents
a hydrogen atom, an alkyl group, or a substituted
or unsubstituted aralkyl group; and Z represents a

nydrogen atom, a lower alkyl group or a substi-
tuted or unsubstituted benzyl group, -
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20
CHy—CH~—CH=CH—COOR? - @
! [ _ _ _ .
5 N /o
- C
/7 \
R1 RrR1

which comprises subjecting a compound represented by
wherein R! and R? are as defined above,
10 and an amine represented by the following formula

ZNH; S

wherein Z is as defined above,

15 to the Michael’s addition reaction.
the following formula | £k k% %

20
23
30

35

.45
50
23
60

63



	Front Page
	Specification
	Claims

